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(54) Down conversion mixer 

(57) A quadrature down converter comprises two 
channels, each of said channels comprising two parallel 
signal paths. Each ol said signal path comprises a mixer 
mixing the signal for down conversion with an oscillator 
signal. In the in-phase channel the mixers receive the 
oscillator signal shitted 0° and 180° in phase, respec- 



tively. In the quadrature-phase channel the mixers re- 
ceive the oscillator signal shifted 90° and 270° in phase, 
respectively. By filtering and combining (adding/sub- 
tracting) the signals from the signal paths in each of said 
channels, the disturbing second order, terms from the 
mixers may be substantially eliminated. 
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The invention relates to a method of down -converting a high-frequency signal, and a down conversion mixer and 
especially a quadrature down conversion mixer for carrying out the method. The invention furthermore relates to a 
phone having such a down conversion. 

In a traditional super heterodyne receiver, non-linearities of second order will result in mixer products that are far 
away in frequency from the IF signal at the output. These undesired signals can therefore be removed by the IF filter. 
The dominant non-linearities in the conventional super heterodyne receivers are therefore the 3rd order intermodule ion 

In a direct conversion receiver, however, mixer non-linearities of second order will result in the down conversion 
of any signal, presented to the mixer input, to a baseband signal. A pure carrier will thus give rise to a DC signal at the 
the des^d signaT SiQnal Wi " 3 ,OW -P ass baseband si 9 nal whose spectral contents might overlap 

High suppression of second order products in the mixer is therefore of great importance, and lack of sufficient 
second order suppression has often been one of the reasons why the direct conversion receiver has been discarded 
as a realistic alternative to the conventional super heterodyne receiver. 

k- K 8n !« !?f manu,ac,urers of ,ne mixef s are able to suppress the second part of the expression (8) to a level 
leas, 70 dB is requS T *" ^ " ** ^ " ^ eXf>reSSi0n However - in GSM " an AM rejection to at 

In accordance with an aspecl ol the invention there is provided a method comprising branching the signal into two 
para lei s,gnal paths providing an oscillator signal, mixing the signal in each of said two parallel signal paths with the 
oscillator signal relatively shifted 0° and 180°, respectfve.y, low-pass filtering the signals, and combining said two 
signals into a single output signal such that the second order effects are substantially leveled out. By combininq the 
signals from the two signal paths, a substantial suppression of the second order mixing products may be obtained 

The invention provides a method which can be used to obtain very high suppression of second order non-linearities 
in a down conversion mixer. 

In accordance with a second aspect of the present invenlion there is provided a method of down^onvertinq a hiqh- - 
frequency ^gnal and comprising branching the signal into four parallel signal paths, providing an oscillator signal. 

3o oZ 9 ? , ' n Uf Para " el Si9na ' Pa,hs Wi,h ,he oscillator signal relatively shifted 0°, 90° 180° and 

270 respectively, combining said four parallel signal paths into two channels, each with two signal paths with the 
oscillator s.gna relatively shifted 180°, and for each channel combining the signals in the two signal paths to provide 
an output s,gnal for the respective channel. The invention is based on the fact that the undesired second order mixing 
product present ,n the baseband is unaffected by the phase of the signal from the local oscillator. By providing an extra 
mixing path in each channel it is possible to establish signals including both the transmitted, phase-mcdulated signal 
and the second order m.xer product present in the baseband, where said two terms have the same and the opposite 
s,gn .n the two mixing paths, respectively. After the combination, a suppression of the second order mixing product 
mTe'rsare used tranSmiUed Signa ' may be ° f ,he order of 70 dB or eve " when two substantially identical 

in^^L^n^ 65 a , me H h0d WhiCh Ca0 be US6d 10 ° btain Very high su PP ra ssion of second order non-linearities in an 
integrated IQ mixer for direct conversion receivers. 

The invention furthermore relates to a converter channel comprising two parallel signal paths provided with a first 
mixer unit and a second mixer unit, respectively. An oscillator provides an oscillator signal for the two mixer units said 
first and second m,xer units receiving said oscillator signal with a relative phase shift of 180° The output from the 
^TJ ln k COmbina,ion uni1 which P rovid es ^ output signal with improved suppression of the second 

from each otnTr 6 d ' S,Urb ' n9 SeC ° nd ° rdef ,efm iS substantially leveled out by subtracting the two subchannel signals 

The invention furthermore relates to a quadrature down converter comprising an input for receiving a signal for 
down conversron; a branch for branching the signa. received on the input into two channels, each of said channels 
comprising wo parallel signal paths; and an oscillator for providing an oscillator signal for use in mixer units The first 
S T „ r 9 P in 6aCh 0i S9id channels ^ provided with a first mixer unit for down^onverting the signal 
in the path, said first mixers receiving said oscillator signal with a relative phase shift of 90° relative to each other The 
second signal path ,n each of said channels is provided with a second mixer unit for down^onverting the signal in the 
path, said second m,xcr in said two channels receiving said oscillator signal with a relative phase shift of 180°relative 
to the first mixer in the same channel. A combination unit in each channel provides an output signal for the respective 
channel by combining the signals in the two paths of the channel 

The invention will be explained more fully below in connection with a preferred embodiment and with reference to 
the drawing, in which: 
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fig. 1 illustrates the basics ol a mixer; 

fig. 2 illustrates the structure of a first embodiment of a converter according to the invention; 

5 fig. 3 illustrates the structure of a first embodiment of a quadrature IQ down mixer according to the invention; and 

fig. 4 illustrates the structure of a second and preferred embodiment of the quadrature IQ down mixer according 
to the invention. 

10 in fig. 1 , a simple mixer 1 followed by a low-pass filter 2 is shown. In a direct conversion receiver, the desired input 

signal is centered around the same frequency as the local oscillator frequency. 
Now let us define the following signals: 



Desired input signal: s w (0 = ™ 0 (t) cos(o 0 t +(|> 0 (t)) (1) 
Undesired input signal : S u (t) = m., (t) cos((o 1 t +q> A (t)) (2) 

Local oscillator: S Jo (t) = K cos(o> 0 t +<p 2 ) (3) 

Here the desired and the undesired signals are arbitrary phase- and amplitude-modulated signals, while the local 
oscillator has a constant phase and amplitude. It is further assumed that the distance in frequency between the unde- 
sired and the desired signal is greater than the cut-off frequency of the low-pass filter at the output. 

If non-linearities up to the 3rd order are taken into consideration, the mixer operation can be described by the 
general expression: 

30 Z = aX 1 + bX 2 + cX^ +dX 2 2 + eX^ + fX 1 X 2 2 + gX^X 2 + hX^ + px/ + 

fourth and higher order mixer products, (4) 
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where X-, is the input signal, X 2 the local oscillator signal and Z the mixer output. 

In the above equation (4), the first two terms represent a non-infinite isolation from respectively the input and the 
local oscillator port to the output port, while the 3rd and the 4th terms represent the disturbing second order non- 
linearities. The 5th term represents the desired mixer operation, while the 6th, 7th, 8th and 9th terms represent 3rd 
order effects. 

If we now insert: X,(t) = S w (t) + S v (\) and X 2 (t) = S to (t) and we look at the output signal, Y(t), after the low-pass 
filtering, we get the following expression: 

Y(t) = &dK 2 + £cm 0 2 (t) + fccm/o) + J4eKm 0 (t)cos((p 0 (t) - <p 2 ) (5) 
In this expression, the following observations can be made: 

!4dK 2 is a pure DC contribution which, for a given mixer, only depends on the local oscillator level. 

^cm 0 2 (t) is a signal coming from the squared amplitude modulation of the desired input signal. Its spectrum is 
located around DC. 

Kicm-, 2 (t) is a signal coming from the squared amplitude modulation of the undesired signal. Its spectrum is located 
around DC. 

1 /£eKm 0 (t)cos((p 0 (t) 4- <p 2 ) is the desired signal, down -converted to baseband, and subjected to a phase shift. 

It will be seen that all the undesired components at the output of the low-pass filter come from second order effects 
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TtT^r ,hUS re ' a,ed ,0 ^ ° rd6r POi "' °« ,he "™ - - .ac k of isolation between the RF 

the ,wo mixers 1, andT.2 is plus l ^oZTsTT ^ "V* 

mat.ca. captions as above are carried ou, ,or the twoLnches. TheTl^ng ZnT^nl^ 

Y, (t) = J*dK 2 + J*cm 0 2 (t) + fccm^t) + *eKrn 0 (t)cos(<p 0 (t) - <p 2 ), and 

Y 2 (t) = %dK 2 + ^m 0 2 (t) + %c mi 2 (l) - %eKm 0 (t)cos(<p 0 (t) - <p 2 ) (6) 

Now by s,mple subtract.on in a combination unit or a subtraction unit 3 we get: ^^9ed. 

Y (t) =Y 1 (y)-Y 2 (t) 

= eKm 0 (t)cos(cp 0 (t) - (p 2 ) 



(7) 

network, e.g. the GSM ZZ™ As 7^2 , S"J P ° rtab,e WhiCh may co ™«e with a cellular 

f rc^ an RF part (not row^and detS 

- not shown?. When the SS^^'JTSSS^ Thf ^ h 9 ™' ^ Di9ila ' S^*' PrOCGSSin 9 Unil < DSP 
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Y 15 (t) = 1 /2em 0 (t)kocos(<p(t)-180°) + y 2 dK 2 + 1 / 2 cm 0 2 (t) + Vzcm^t) 

5 

= -% em 0 (t)k 0 cos( P (t) + YadK 2 + y 2 cm 0 2 (t) + VScm^ft) (8) 



10 where 34em(t)k 0 cos(p(t) is the down -converted in-phase signal, and >kJK 2 iSm 0 2 (t) and 1 ^crn-, 2 (t) are time-varying con- 
tributions depending on the mixer and the amplitude of the received signal and the oscillator signal. 
Similarly, the output from the low-pass filter 16 may be expressed as: 

75 Y 16 (t) == 1 /2em 0 (t)k 0 cos<p(t) + VfcJK 2 + 7 2 cm 0 2 (t) + 1 /2cm 1 2 (t) 

= 14 em 0 (t)k 0 cos(p(t) + 1 / 2 dK 2 + 1 / 2 cm 0 2 (t) + Vicm^t) (9) 
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The output from the I channel may be found by subtracting the output from the first low-pass filter 15 from the 
output from the second low-pass filter 16 in a subtraction unit 22. The resulting output from the subtraction unit 22 will 
therefore be: 



Y,. channe ,(t) = Y 16 (t) - Y 15 (t) 

= em 0 (t)k 0 cos(p(t) (10) 



Similar considerations may be made for the Q channel. The quadrature output (shifted 90° in phase) is fed to the 
Q channel 6 from the local oscillator 1 9. Here the local oscillator output is fed directly to the mixer 1 3 and to the mixer 
14 shifted 180° in phase by means of a phase shifter 21. Accordingly, the output from the low-pass filter 17 may be 
expressed on the basis of the expression (8) and be as follows: 
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Y 17 (t) = 1 /2em 0 (t)k 0 cos((p(t)-90°) + J4dK 2 + 1 / 2 cm 0 2 (t) + Vicm^t) 

= -72 em 0 (t)koSin<p(t) + !4dK 2 + /2cm 0 2 (t) + 1 /2cm 1 2 (t), (1 1 ) 



where 16 em 0 (t)k 0 sin<p(t) is the down -converted quadrature signal, and tedK 2 &nn 0 2 (t) and 16cm, 2 (t) are time-varying 
contributions depending on the mixer and the amplitude of the received signal and the oscillator signal. Similarly, the 
output from the low-pass filter 18 may be expressed as: 

so 

Y 18 (t) = 1 / 2 em 0 (t)k 0 cos((p(t)-270°) + 1 / 2 dK 2 + / 2 cm 0 2 (t) + Hcm^t) 

ss 

= - 1 /2em 0 (t)koSin<p(t) + VidK 2 + 1 /2cm 0 2 (t) + V*cm?{\) (12) 
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iy be found by subti 

from the output from the second low-pass fitter 18 in a subtraction unit 24 

Y Q-channel(t) = Y 18 (t) - Y 1? (t) 



- emoOJkosincptt). 



order ^ZT^TeT^ ^ ™ *" * M * °» amp-i.ude-modu.ated second 

h 00 n A H S J mP '!, t!" 1001 '°/ !! i9h sup P ression 01 second orc) er effects in an IQ mixer for direct conversion receivers has 
been devised. The method ,s oarticufarly suitable for implementation in integrated circuit technology Ser ^component 
tolerances and layout d.lferences on the same substrate can be minimized component 
A second and preferred embodiment of the quadrature down mixer according to the invention is shown in fio 4 

s^innzESE c r ne :: each r avins ,wo paraiie ' si9nai pa,hs ^ - cSzjs^js,; 

relatively 1 80 All four mixers 31 -34 are identical to each other. The mixers 31 -34 receive a balanced input both from 
the RF pari and from the oscillator 39 - and output a single ended output signal 

th» T 'mk^'k n , Ced ,0 miXefS 31_34 ' ,he 18 °° Phase Shift of the oscilla,or si 9™' « obtained by turninq 

he polarity of the balanced input from the oscillator 39 to the mixers 31 and 34. Similarly, the polarity of the anced 

31 and° 3 4 I n h ' ^ Sh ° Wn) ,0 miXefS 31 34 iS ,Umed Hereb y the si 9" °< outp IZ thT mTxers 
31 and 34 will have a s.gn opposite to that of the output from the mixers 32 and 33 

from amp,,,ud0 | : m ° dulat ~ J socond °»*» nnixer products may be removed by a simple superposition of the output 
rom the mixers ,n .he I and Q channels, respectively. By performing the superposition before theL-pas ^ ilterinalwo 
low-pass filters may be saved. Each channel has a low-pass filter 35 and 37 respectively. P 9 

Ihe I and the Q channels will output the signal given in equations (10) and (13) 

- b e be evident ,o a person ski,,ed in « he - *- — » 

The scope of the present disclosure includes any novel feature or combination of features disclosed therein either 
explicitly or .mpNcit.y or any generation thereof irrespective of whether or not it ^J^^S^!!^ 
mitigates any or all of the problems addressed by the present invention. The applicant hereb/g^eTnoliTe Sew 
ss Se S d7h^m rmUla,ed 10 SUCh ' ealUreS dUrin9 PrOSeCU,i ° n ° f ,hiS aPPliCati °" « « a "V inSJ^SZ 

Claims 

" 1 ' e^cTaS cLmpIinT 6 "" 9 & ^ ™P™ed suppression o, the second order 

branching the signal into two parallel signal paths, 
providing an oscillator signal; 

" ^O^respecSy!" ^ °' ^ ^ Para " el Si9na ' P3,hS "** ^ ° SCi,b, ° r Signa ' re ' a,iVe ' y Shif,ed °° and 
low-pass filtering the signals; and 

' ' e 0 ve.edou, Said Si9na,S in '° 3 SiP9,e Si9na ' SUCh ,hat the S6COnd order effects are substantially 

2. A method according to claim 1 of down-converting a high-frequency signal in a quadrature converter and compris- 
es - ss25?ss? ^veT e,s each having ,wo para,iei si9nai pa,hs wi,h ,he ° scii,ator si °" ai 

' ^IT^^ZlTuZZ^ channel (l channe,) and a 9U — — < Q *— - 

- combining the signals in said two parallel signa. paths in each of said channels, for providing I and Q signals 
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with improved suppression of the second order mixer effect. 

3. A method according to claim 1 or 2 : wherein the two signals are combined into a single output signal by subtracting 
the signal from the signal path with the oscillator signal relatively shifted 0° from the signal from the signal path 
s with the oscillator signal relatively shifted 1 80°. 



4. A method according to claim 1 or 2, wherein the mixers in the signal path are equal to balanced inputs and a single 
ended output, wherein the polarity of both the oscillator signal and the received high-frequency signal is inverted 
for one of said two signal paths, and wherein the output signals from the mixers are superposed. 

10 

5. A down conversion mixer channel comprising : 

an input for receiving a signal for down conversion; 

two parallel signal paths provided with a first mixer unit and a second mixer unit, respectively; 
is - an oscillator for providing an oscillator signal for the two mixer units; 

the first and second mixer units receiving said oscillator signal with a relative phase shift of 180° relative to 
each other; and 

a combination unit for providing an output signal by combining the signals in the two paths. 
20 6. A quadrature down converter comprising : 

an input for receiving a signal for down conversion; 

a branch for branching the signal received on the input into two channels, each of said channels comprising 
two parallel signal paths, 
25 - an oscillator for providing an oscillator signal for use in mixer units; 

the first one of said two signal paths in each of said channels being provided with a first mixer unit for down- 
converting the signal in the path, said first mixers receiving said oscillator signal with a relative phase shift of 
90° relative to each other, 

the second signal path in each of said channels being provided with a second mixer unit for down -converting 
30 the signal in the path, said second mixer in said two channels receiving said oscillator signal with a relative 

phase shift of 180° relative to the first mixer in the same channel; and 

a combination unit in each channel for providing an output signal for the respective channel by combining the 
signals in the two paths of the channel. 



35 7. A converter according to claim 6, wherein the oscillator is provided with first and second outputs, and wherein the 
second output is shifted 90° in phase compared with the first output. 



8. A converter according to claim 6 or 7, wherein the combination units subtract the signals in said two signal paths 
from each other. 

40 

9. A converter according to claim 6 or 7, wherein said mixers in the signal paths are equal to balanced inputs and a 
single ended output, in each of said two channels said relative phase shift of 180° between the oscillator signals 
received by the two mixers in the first and second signal paths is obtained by inverting the polarity of the mixer 
input for the oscillator signal for one of the mixers compared with the other. 

45 

10. A converter according to claim 9, wherein the polarity of the input of one of the two signal paths in each channel 
for the received signal for down conversion is shifted 180° in phase compared with the other, and wherein the 
single ended outputs from the mixers are added to obtain the output signal of the channel. 

50 11. A cellular phone including a converter according to claims 6-10. 

12. Use of a cellular phone including a converter according to claims 6-10 in a GSM phone fulfilling the phase II 
requirements given in the GSM specifications. 
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